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Summary  
The aim of the study was to assess whether adiographm hip joint space thickness was changed by weight-bearing (WB) 
compared with non wmght-bearmg (NWB) potation, and to evaluate whether adiographs centered on the hip were 
more senmtlve than pelvic X-rays to detect such a change. Anteropostermr radiographs of the pelvis were made in 
30 patients with hip osteoarthmtis OA (46 OA and 11 normal hips). Osteoarthrmc, as well as contralateral normal hips, 
were analyzed Radiographs centered on OA hip were performed in 28 other patients X-rays were made in WB and 
NWB positions using a standardized radlologmal procedure. Measurements of mean joint space width (MeanJSW), 
maximum joint space narrowing (MaxJSN) and joint space surface area (JSA), were made using a computerized image 
analysis system 
The joint space width was unaffected by WB m normal joints but decreased with WB in OA joints. The decrease 
was mgnlficant only when considering MaxJSN in patients with a joint space thickness smaller than 2.5mm. The 
difference between WB and NWB was larger in radiographs centered on the hip than on pelvic X-rays. MeanJSW and 
JSA were found to be less senmtlve than MaxJSN. The decrease of joint space width was reversely correlated with 
joint space size m WB. These results suggest hat WB radiographs of the hip should be used m preference to NWB 
in studies of hip OA 
Key words Hip osteoarthrltlS, Chondrometry, Joint space narrowing, Quantitative radmgraphy. 
ACCORDING TO A l tman [1] and the San Franc isco 
study group on os teoar thnt l s  (OA) jo int  space 
nar rowing  can be considered as the most  rel iable 
marker  In the assessment  of the progress ion of OA. 
More recently,  m the ILAR guidelines, the jo int  
space nar rowing  progress ion over years was 
under l ined to be the pr imary  cr i ter ion in drugs 
tr ials test ing a possible chondroprotect ive  effect 
[2]. Osteophytes and subchondra l  bone sclerosis, 
a l though more specific of OA, are more difficult to 
eva luate  and are poor ly re lated to the cl inical 
progress ion of the disease. Assessment of jo int  
space width (JSW) using pla in rad iographs  is easy 
to per form in rout ine,  at least  in hip and knee 
joints, and has been found to be more easi ly 
reproducib le  than  magnet ic  resonance imaging 
(MRI) [3]. However ,  possible var ia t ions  of JSW 
with radio logic  techniques remain  to be evaluated.  
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Whereas  standing posi t ion is considered as 
necessary  to assess accurate ly  jo int  space narrow-  
ing in knee OA, the same requ i rement  seems 
doubtful  regard ing  hip OA [4]. This is l ikely 
because semiquant i ta t ive  grad ing of jo int  space 
size, as with Kel lgren Lawrence  scale, or with 
other  more recent ly  descr ibed grading systems, are 
not  sensit ive enough to detect  s l ight var ia t ions  in 
hip JSW [5,6]. With in the past  5 years,  some 
systems for the quant i ta t ive  assessment  of JSW 
from plain X-rays have been developed wi th  an 
acceptable  degree of reproduc ib i l i ty  [4, 5, 8-10], and 
recent ly  rev iewed [11]. Each system is c lear ly  
dependent  upon the qual i ty  of the roentgenograms 
and the radio logica l  techn ique (posit ioning of the 
X-ray tube, beam center  direction, pat ient  and 
jo int  posit ioning) [12,13]. To eva luate  the possible 
change of JSW in re lat ion to weight -bear ing (WB) 
versus non-weight -bear ing (NWB) posit ion, and 
accord ing to the rad iograph ic  procedure  (pelvic vs. 
hip rad iographs)  a prospect ive  study using digital  
image analys is  of s tandard  rad iographs  has been 
carr ied out  in pat ients  wi th  hip OA. 
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Pat ients  and methods  
PAT IENTS 
In the first part of the study, anteroposterior 
radiographs of the pelvis were performed in 30 
patients (15 men, 15 women, mean age and 
standard eviation: 64.3 i 3.7) referred to hospital 
for symptomatic hip OA. All pelvic radiographs 
were performed the same day, by the same 
physician, on the same X-ray apparatus, using 
exactly the same radiological procedure m WB and 
in NWB position (i.e., frontal radiograph of the 
pelvis, distance between X-ray source and 
film = 1.10m alignment of the X-ray beam with the 
help of fluoroscopy 2cm above the pubic symphysis, 
internal rotation of the legs 25°). Pelvic 
radiographs howed 11 normal and 46 OA hips 
(three patients had already undergone total hip 
replacement of the second hip). OA, as well as 
contralateral normal hips, were analyzed. 
In the second part of the study, anteroposterior 
radiographs of the hip were performed in 28 
additional patients with painful OA of the hip (16 
men, 12 women, mean age 67.5 + 9.9). Radiographs 
centered on the OA hip were made by another 
physician, using the same radlological technique 
and joint positioning as described above. The 
center of the X-ray beam was aligned with the 
center of the joint, defined by the top of the 
superior convex margin of the femoral head, with 
the aid of fluoroscopy. 
In the two groups the heights and weights of 
patients were recorded and the dmgnosis of OA 
was based in every patient on ACR criteria [14]. 
Only patients with superior lomt space narrowing 
were enrolled in the trial. 
MEASUREMENT OF  THE H IP  JO INT  SPACE 
The hip joint space (HJS) was measured using a 
computerized image analysis system (}tologic®) 
consisting of a horizontal view box, a high 
resolution black and white IVC800BC camera, a 
386 Olivetti PC M 300 microcomputer, a Mitsubishi 
color display terminal and a ICMS-V5 
measurement computer program (Tech-Line Ltd, 
Bagnolet, France). After ensuring that the 
computer was correctly calibrated through 
repeated measurements of a line segment of known 
length [coefficient of variation (CV) -0.2%], the 
X-ray to be measured was placed on the view box 
and digitized at a resolution of 512/512 pixels with 
256 gray levels. The digitized image was then 
automatically modified by the computer 
(subtraction and x2 magnification) toobtain a very 
clear outline of the HJS. The center of the femoral 
head (C) was automatically determined from three 
peripheral points placed with the mouse using a 
standardized procedure [9] (see Fig. 1). Two lines 
were then drawn from C in order to delineate an 
angle encompassing the site of joint space to 
analyse. The external line EC came from C to the 
edge of the acetabulum (E) excluding any 
osteophyte. The internal line joined C to the 
highest point of the homolateral sacral wing ($1) 
when the narrowing was superolateral, or to the 
bottom of the sacroiliac joint ($2) in case of 
superomedial narrowing (Fig. 1). The ECS angle 
varied from 40 to 55 ° but remained constant for 
the same patient. Within the demarcated ECS area, 
the joint space contours were delineated with the 
mouse on the following margins: the superior 
convex margin of the femoral head and the inferior 
margin of the acetabulum. The joint surface area 
(JSA) located within the ECS angle and the mean 
joint space width (MeanJSW), obtained by 
dividing JSA by the length of the lower boundary 
of the studied joint space, were then automatically 
calculated. Inter-bone distance at the narrowest 
point of the joint (MaxJSN = maximum joint space 
narrowing) and the radius of the femoral head 
(FHR) were automatically given by the computer 
from points drawn using the mouse. Because two 
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FIG. 1. Measurement of hip joint space. Determination f 
the hip joint space port~on to be analyzed from the center 
of the femoral head (C) and the top ($1) or the bottom 
of the sacral wing ($2). 1, 2, 3: peripheral standardized 
points from which C is obtained 
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Table I 
Comparison of h~p 7oint space width tn normal and hzp osteoarthrittc (OA) patrents (N=57)from 
wetght-beartng (WB) and non-wetght-beartng (NWB) anteroposterior radiographs of the pelws 
Total (N= 57) Normal (N= 11) OA (N=46) 
NWB WB NWB WB NWB WB 
MeanJSW (mm) 3.12 ± 1.11 3.05 ± 1.1 4.36 _+ 1 63 4.38 ± 0.81 2.82 ± 0.90 2.72 ± 0.9 
MaxJSN (ram) 2.58 _+ 0 99 2.51 ± 1 03 3.61 ± 1.02 3.61 ± 0.91 2.33 _+ 0.80 2.24 ± 0.87 
JSA (cm 2) 0.82 ± 0.29 0.81 ± 0.28 1.06 ± 0.26 1 06 ± 0.17 0.76 ± 0 26 0.74 _+ 0.26 
FHR (mm) 2.80 ± 0 27 2.79 ± 0.27 2 80 _+ 0.27 2.79 _+ 0.29 2.80 ± 0.27 2 79 ± 0.28 
MeanJSW, mean joint space width, MaxJSN, maximal joint space narrowing; JSA, joint surface area; 
FHR, femoral head radius. 
rad iographs  of a same subject  had to be compared,  
it was necessary  to look for possible changes in 
magnif icat ion,  and to make adequate correct ion.  
This was done by computer  measurement  of the 
FHR of each film and by mult ip ly ing the values 
of Mean JSW and Max JSN in NWB by the 
rat io FHR-WB:FHR-NWB.  The correct ion of 
JSA magni f icat ion was obta ined by the rat io  
(FHR-WB:FHR-NWB) 2. 
STATISTICAL ANALYSIS 
Paired rad iographs  were measured by the same 
exper ienced observer  (CV for repeated measure-  
ments of 1.2, 2.9 and 1.7% for MeanJSW,  Max JSN 
and JSA respect ively)  [16], bl inded to the WB or 
NWB posit ion. Standing and non-standing 
rad iographs were compared using the Student 's  
paired t test. Corre lat ions between Mean JSW,  
MaxJSN,  JSA  and height,  weight, body-mass index 
(BMI) were per formed using umvar ia te  and 
mul t ivar ia te  analysis.  
Resu l ts  
JOINT SPACE THICKNESS ON PELVIC RADIOGRAPHS 
The results  of Mean JSW,  Max JSN and JSA  are 
hsted in Tables  I and II. In s tanding posit ion, when 
compared with NWB, the mean jo int  space of 
all hips was decreased by 2.2, 2.7 and 1.2% 
for Mean JSW,  Max JSN and JSA, respect ively.  
Jo in t  space th ickness was str ict ly  unmodif ied by 
the WB posit ion in the 11 contra la tera l  normal  
hips in OA pat ients.  In OA hips alone, the decrease 
was 3.5, 3.8 and 2.6% for the same indices, 
respect ively.  No dif ference was stat is t ica l ly  
signif icant. A s igmf icant  corre lat ion was found 
between Mean JSW and Max JSN (r=0.76, 
P < 0.0001), Mean JSW and JSA (r = 0.86, 
P < 0.0001) and Max JSN and JSA (r=0.54, 
P < 0.003) in NWB as well  as in WB posit ion. The 
dif ference in jo int  space size between WB and 
NWB was not corre lated with BMI  (r=0.02, 
P = 0.92). 
OA hips were d ist r ibuted with respect  of a 
Max JSN into two groups: (1) ear ly OA with a JSN 
larger  than  2.5mm (N= 23), (2) late OA with a JSN 
equal  to or smal ler  than  2.5mm (N= 23). The mean 
difference between WB and NWB was h igher  in 
late OA than  in ear ly OA: 3.1 and 1.2% for 
Mean JSW,  6.7 and 0.7% for Max JSN,  2.9 and 0.9% 
for JSA. A stat is t ica l ly  s ignif icant di f ference 
(P = 0.05) was found only when measur ing  Max JSN 
in late OA (Table II). The mean difference between 
Max JSN m NWB and Max JSN m WB was 0.06mm. 
This dif ference was inverse ly  corre lated with 
Table II 
Comparison of hip joint space w~dth ~n osteoarthr~t~c (OA) patients (N = 57) from 
weight-bearing (WB) and non-wetght-bear~ng (NWB) anteropostermr radiographs of 
the pelvis 
MaxJSN > 2.5mm (N= 23) MaxJSN _< 2.5mm (N= 23) 
NWB WB NWB WB PV % 
MeanJSW (mm) 3 92 ± 0.90 3.87 ± 0.84 2.53 ± 0.85 2.45 ± 0.85 -3.1 
MaxJSN (mm) 3.44 ± 0.71 3.45 ± 0.73 1.94 ± 0.61 1.81 ± 0.54 -6.7* 
JSA (cm 2) 1.02 ± 0.24 1.01 ± 0.22 0.67 ± 0.22 0.65 _ 0.27 -2.7 
FHR (mm) 2.79 ± 0.27 2.79 ± 0.26 2.79 ± 0.27 2.80 ± 0.27 
*P = 0.05. 
MeanJSW, mean joint space width; MaxJSN, maximal joint space narrowing; 
JSA, joint surface area; FHR, femoral head radius; PV %, percentage of joint space 
variation between NWB and WB 
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Table I[I 
Comparison of hip joint space w~dth n osteoarthritzc (OA) patients (N= 57) from weight-beartng (WB) and 
non-wetght-beartng (NWB) radiographs of the htp 
Total (N= 28) MeanJSW > 2.5mm (N= 14) MeanJSW <_ 2.5mm (N= 14) 
NWB WB NWB WB NWB WB PV % 
MeanJSW (mm) 2.53 + 0.93 2.49 ± 1.02 3.28 ± 0.56 3.29 ± 0.73 1.77 + 0.52 1.69 ± 0.52 -4.5 
MaxJSN (mm) 2.12 ± 0.77 2.07 ± 0.89 2.60 _+ 0.69 2.68 ± 0.78 1.64 ± 0.52 1.45 _+ 0.49 -11.5" 
JSA (cm 2) 0.74 _+ 0.28 0.74 ± 0.28 0.93 ± 0.25 0.93 ± 0.26 0.53 ± 0.14 0.51 ± 0.14 -3.7 
FHR (mm) 2.80 ± 0.27 2.79 ± 0.27 2.80 ± 0.27 2.80 ± 0.27 2.80 ± 0.28 2.79 ± 0.26 
*P = 0.03. 
MeanJSW, mean joint spaoe width; MaxJSN, maximal joint space narrowing, JSA, joint surface area; FHR, 
femoral head radius, PV %, percentage of joint space vamatlon between NWB and WB. 
Max JSN and Mean JSW in WB (r =-0.48 and -0.51, 
P=0.009 and 0.006) but  not with Max JSN and 
Mean JSW in NWB (r=0.29 and 0.21, P=0.14  and 
0.21). There  was no corre lat ion  between the 
var ia t ion  in X-rays magmf icat ion  and height,  
weight and BMI  (P > 0.5). There was no stat is t ica l  
dif ference in rad iograph ic  magmf icat ion  between 
WB and NWB films. The mean X-ray magmf icat ion ,  
ca lcu lated as FHR-WB:FHR-NWB,  was 1.017 _+ 0.55 
(ranges: 0.91-1.12). 
WB and NWB for Max JSN was s igni f icant 
(P = 0.03). 
No stat ist ica l  di f ference was found m X-ray 
magni f icat ion between NWB and WB, as between 
pelvic and hip rad iographs  (FHR-NWB=2.80± 
0.27mm, FHR-WB = 2.79 ± 0.027mm, P > 0.5). The 
increase in jo int  space nar rowing  detected m the 
s tand ing posit ion was not  stat is t ica l ly  di f ferent 
between pelvic (0.06_+0.36mm) and hip (0.08__+ 
0.42mm) rad iographs  (P > 0.5). 
JO INT  SPACE THICKNESS ON H IP  RADIOGRAPHS 
The results  g iven in Table I I I  were s imi lar  to 
those of pelvic rad iographs.  JSN var ied a l itt le 
with WB: 1.5% for Mean JSW,  2.3% for Max JSN 
and 0% for JSA. Hips were d istmbuted into 
groups, as descmbed above. JSN did not vary  at 
all with WB in the ear ly  OA group (N= 14). In the 
late OA group (N= 14), JSN decreased wi th  WB by 
4.5, 11.5 and 3.7% for Mean JSW,  Max JSN and 
JSA, respect ively.  The mean dif ference between 
(a) 
Discuss ion  
The nar rowing  of jo int  space is accepted as the 
most  re l iable marker  of OA progress ion [1,2]. An 
efficient ant i -osteoarthr i t ic  drug is also expected 
to be chondroprotect ive ,  i.e. to slow down JSN 
progress ion.  Long-term tr ia ls  of chondroprotect ion  
are no longer considered as hopeless and some 
have  now begun. Such tmals require an accurate  
method of JSN assessment.  I t can be achieved by 
(b) 
~: 
FIG. 2. (a) In non-weight-bearing, the joint space is 1.7mm at the narrowest point. (b) In weight bearing, it is 0.9mm. 
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the computerized analysis of digitized standard 
radiographs. However, this method requires a 
sufficient quality of the X-rays, and above all, a 
very good reproducibility of radio-anatomical 
positlomng of the joint (i.e. patient position, beam 
center direction, distance between X-rays source 
and subject). These conditions probably explain 
the poor reproducibility of the knee joint 
measurements. However, some improvements in 
the measurement of knee joint space have recently 
been reported [12,15]. A high reproducibility was 
achieved by precisely controlling the anatomical 
knee position, and by using digitized high 
definition macroradlographs [9], but this technique 
can not be used in routine practice. Measurement 
of HJS seems easier. Measurement performed at 
the narrowest site of joint space, using 
delimitation of joint space with a fine pencil, a 
magnifying lass with an internal graduation m 
tenths of millimeters [11] and well-trained observer 
gives an interobserver CV of 5% (M. Lequesne, C. 
Cadet, unpublished ata) to 10% [2]. The computer 
analysis of digitized images, obtained from 
conventional routine films of pelvis enables the 
measurement of HJS with an interobserver CV of 
3.3% [9]. This CV takes into account all the 
possible variations due to the radlologlcal 
procedure. Indeed, this value was obtained from 20 
hips, radiographed three times by three different 
radiologists using their own settings (distance, 
X-ray beam alignment, joint positiomng). Each 
radiograph was measured five times, on different 
days, by two observers, blinded for patients but not 
for the value of the ECS angle and for X-ray 
magmfication [9]. Following the Cummings' 
method, to calculate the mimmal interval change 
that has to be detected to be clinically relevant 
with 95% confidence, this interval is 9.3% with the 
computerized method whereas It ranges from 
14.4-28% with the manual one [17]. Variation of 
JSW in relation to changes in X-ray magnification 
~s also Important, and can be detected using the 
automatized measurement of the FHR [9] but is 
hard to detect using the manual method. Another 
advantage of the computer method is that it 
enables the determination of surface as well as 
distance, that makes measurements possible when 
there is no joint space at the site of maximum 
narrowing. In our vmw, for all these reasons and 
despite its cost (the price of the device is about 
US$50,000), the computer measurement has to be 
prefered to the manual method for the assessment 
of JSW m hip OA. 
A possible variation of JSW under a WB positron 
was investigated. Articular cartilage has a 
nonlinear viscoelastic behavior in compression. 
Fluid redistribution within the matrix and fluid 
exsudation is generated by cartilage compression. 
Cartilage deformation under mechanical loading is 
correlated with proteoglycan content and matrix 
integrity. Loss of proteoglycan i creases hydration 
and permeability of fibrillated OA cartilage and 
reduces the tissue resistance to compression 
[13,18-20]. The present work shows that joint space 
width does not vary with WB in normal joints and 
decreases with WB m OA joints. The differences 
observed between WB and NWB films were mild 
and undetectable when reading the films. The 
decrease measured on pelvis radiographs was 
minimal, -2.6-3.8%, and was not statistically 
significant. It was more important (2.9-6.7%) in 
late OA with a marked narrowing of the joint 
space. The decrease measured on hip radiographs 
was also more important (3.7-11.5%). This decrease 
was not due to a variation of radiographic 
magnification, resulting from an increase in the 
distance between the hip and the film in the WB 
position, because the FHR did not vary with 
patient positioning. The measurement at the site of 
maximum JSN was clearly the more sensitive 
method, enabling a significant difference of 
0.19mm between NWB and WB hip films to be 
detected. This difference was small, but larger than 
the magnitude of precision error of the method, 
and could be considered relevant. The maximum 
difference between NWB and WB for the 
MeanJSW was only 0.08mm, and was not 
sigmficant. The sensitivity to changes of MaxJSN 
was surprising because its reproducibility and 
sensitivity to progression of OA were clearly not as 
good as those of MeanJSW and JSA [5,9,16]. It is 
probably explained by the fact that the 
measurement of the MaxJSN was made in the 
region where the cartilage was more altered and 
softer. Conceivably, the surface area and the mean 
width of the joint space, which are the 
measurement of a mixture of deeply altered and 
less altered cartilage regions, would change less in 
compression. Moreover, the difference was found 
only in rather advanced OA hip with a JSW 
narrower than 2.5mm. However, in a reported 
chondroprotective trial of Rumalon, most of the 
enrolled patients had at entry a MaxJSN narrower 
than 2.5mm [11]. In our study, it was interesting 
that when the difference of JSW between NWB and 
WB was high, the JSW in WB was low. This 
difference was unrelated to NWB joint space size. 
These results suggest that, in advanced OA, 
cartilage stiffness is unrelated to cartilage width 
when measured on radiographs made in supine 
position. Nevertheless standard radiography 
shows only a two-dimensional image of a 
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three-d imensional  (3D) structure.  F ronta l  X-rays 
do not provide in format ion about  the positron of 
the hip in the sagi t ta l  p lane Pat tents  with an 
advanced stage of hip OA have  often flexion 
cont ractures  that  may modify the re lat ionsh ip  of 
the femoral  head to the acetabu lum,  especial ly  
when they are NWB. Fur thermore ,  the degree of 
abductmn and interna l  ro tat ion  of the hip may 
differ s l ight ly between WB and NWB, and a very 
precise repos l t ionmg of the jo int  is difficult to 
achieve in old pat ients  with severe OA. MRI  
studies with 3D analys is  might  be useful to 
unders tand  the inf luence of ttie jo int  pos i t ion ing 
on the JSW. Our results  suggest the possible 
benefit of  rad iographs  centered on the hip ra ther  
than  pelvis X-rays in detect ing subt le hip jo int  
space changes when bear ing weight. However ,  the 
dif ference was not  signif icant, and it appears  that  
the two sets of pat ients  were not  comparab le  
because those of the second group (hip centered 
rad iographs)  had more severe disease. Fur ther  
studies are required to eva luate  such a benefit. 
In conclusion,  this study suggests  that  the 
measurement  of the rad iograph ic  jo int  space in 
NWB may minimize the JSN,  whi le film in WB 
would make the jo int  space loss larger.  Final ly,  the 
fact that  OA hip jo int  space was decreased by WB, 
s lgmf icant ly  in some c i rcumstances,  accounts  for 
the use of rad iographs  per formed in the WB 
posit ion, ra ther  than  in NWB positron in 
chondroprotectmn trials. 
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